The isoenzymesof alkaline phosphatase(ALP; EC 3.1.3.1) present in the .sera of 116 patients with hepatobiliary disease were studied by electrophoresis on cellulose acetate. Individual liver isoenzyme bandswere identified and quantitated by densitometnc scanning.
Isoenzymes of Liver Alkaline Phosphatase in
bandswere identified and quantitated by densitometnc scanning.
The occurrence and magnitude of increase of the isoenzyme bands of liver ALP (a2 alone or a1 and cx2) are related to diagnosis.
Of the cases studied, 30% showed only the a2 band of liver ALP. A couplet of liver isoenzyme bands (ai and a2) was seen in 70% of the cases studied. The isolated a2 band occurred in 26 of 36 patients with viral hepatitis and in two patients with hepatic infarction. Most patients with other liver diseases showed the ai and a2 couplet. The serum pattern of liver ALP is related to totalALP, age, ABO blood group, and serum bilirubin concentration.
The ai band is markedly increased in patients with granulomatous hepatitis and carcinoma metastatic to the liver. The findings are related to previous work, and their implications are discussed. and serum isoenzymes of alkaline phosphatase (ALP) differ in physicochemical (1, 2) and electrophoretic properties (1, 3) . With a cellulose acetate system in which a substrate-gel imprint technique is used (4), the organ sources of the serum isoenzymes have been verified by comparing mobilities with extracts of tissue ALP and inhibition with heat, urea, and amino acids.
More recently, we observed two distinct types of patterns of liver ALP in sera of patients with hepatobiliary disorders. In some, a single isoenzyme band of liver ALP appeared, in the a2 area; others showed a couplet of isoenzyme bands, in the al and a2 areas (4, 5). Similar isoepzyme bands have been observed by others (6-8), but their incidence and significance have never been explored. In our previous studies, the al band of liver ALP was not demonstrated in the sera of healthy subjects, newborn infants, pregnant females, and patients with primary bone disease (4, 5). The presence of the al liver band is an abnormal finding and appears to indicate disease of the hepatobiliary system.
Here, we report the frequency with which the two isoenzyme bands of liver ALP occur in the serum of patients with hepatobiliary disorders. We attempted to make the laboratory study of ALP isoenzymes more useful by relating the presence of the two bands of liver ALP and the magnitude of their elevation to specific disease processes.
Materials and Methods
Sera. Blood samples were obtained by venipuncture from fasting, healthy laboratory workers and from patients hospitalized with hepatobiliary diseases and who had abnormally high ALP activity in their serum. Diagnoses were verified by the usual clinical and laboratory criteria and in many cases by liver biopsy or autopsy. The serum was separated by centrifugation and its activity measured within 24 h.
Alkaline phosphatase.
Total ALP activity was determined by the Hansen modification of the KindKing method (9, 10).
Isoenzyme electrophoresis.
Electrophoresis on cellulose acetate and development of colored isoenzyme bands were done as previously described (4, 5), except for two changes in the original protocol: Concentrations of both fl-naphthyl phosphate and Fast Violet B salt were increased (from 60 mg) to 120 mg per 30 ml of buffer. Also, preparation of the sub- strate-gel plates was timed to coincide with the completion of electrophoresis, so that the strips could be imprinted immediately on the gel after electrophoresis. These changes resulted in lower ALP activity being detectable.
Isoenzyme bands were classified according to their location when compared with the major serum fractions: albumin, al, a2, fi, and -y-globulins.
Densitometric scanning.
This was done when enough serum was available for us to measure total ALP. The cellulose acetate strips were removed from the third change of distilled water, blotted with a paper towel, and scanned immediately in a densitometer (Helena 
Results

Healthy
subjects. This group consisted of 30 men and women laboratory workers with a mean age of 26.9 ± 4.9 (SD) years. Only one serum showed activity attributable to the liver (a2) isoenzyme alone. Figure 3 .
Some of the electrophoretic patterns illustrated show ALP staining at the origin, which is not true for the fresh specimens upon which the data in this report are based. Activity at the origin appeared after the specimen was frozen and thawed-known to alter total ALP activity in serum. 
Discussion
Two distinct electrophoretic patterns of liver ALP were encountered in sera of patients with hepatobiliary disease.
In 30% of those studied only an cr2 band appeared; the remaining 70% showed a couplet of liver isoenzymes (cr1 and cr2). The incidence of these two patterns of liver ALP and their study in relation to age, sex, blood groups, and underlying disease processes in man have not been previously reported.
When compared to the occurrence of the liver isoenzyme couplet, the isolated a2 band was most commonly seen in the sera of younger males and in those sera from patients with serum and infectious hepatitis. This observation probably reflects the higher incidence of hepatitis in younger male patients. In 1959 Keiding first described a couplet of liver isoenzymes on starch-gel electrophoretograms of sera from a few patients with liver disease (6). In subsequent studies by use of electrophoretic separations in starch gel (8) and on cellulose acetate (3-5, 7), this pair of fast and slower moving liver isoenzymes was also encountered.
The isoenzyme couplet has been described in the sera of a few patients with nutritional cirrhosis 
